(19) 



J 



Europaisches Patentamt 
European Pat nt Office 
Office europeen d s brevets 



(11) 



EP1 195 536 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published In accordance with Art. 158(3) EPC 



(43) Date of publication: 

1 0.04.2002 Bu lletin 2002/1 5 

(21) Application number 01917544.7 

(22) Date of filing: 28.03.2001 



(51) intci7: F16D7/10, F16F 15/133 

(86) International application number: 
PCT/JP01/02566 

(87) International publication number: 

WO 01A73309 (04.10.2001 Gazette 2001/40) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 
IWC NL PT SE TR 

(30) Priority: 29.03.2000 JP 2000090296 
11.08.2000 JP 2000245371 

(71) Applicant: KabushikI Kais ha Toyota JIdoshokkl 
Kariya-shi, Aichi-ken 448-8671 (JP) 

(72) Inventors: 

• KIMURA, Kazuya c/o KK TOYOTA JIDOSHOKKI 
Kariya-shi, AichI 448-8671 (JP) 

• URYU, AkifumI c/o KK TOYOTA JIDOSHOKKI 
Kariya-shi, AichI 448-8671 (JP) 



• KAWAGUCHI, M., c/o KK TOYOTA JIDOSHOKKI 
Karlya-shI, AlchI 448-8671 (JP) 

• UMEMURA, S., c/o KK TOYOTA JIDOSHOKKI 
Kariya-shi, Alchi 448-8671 (JP) 

• OTA, Masaki, c/o KK TOYOTA JIDOSHOKKI 
Kariya-shi, AlchI 448-8671 (JP) 

• ADANIYA, Taku, c/o KK TOYOTA JIDOSHOKKI 
Kariya-shi, Alchi 448-8671 (JP) 

(74) Representative: 

Leson, Thomas Johannes Alois, Dlpl.-ing. et al 
Patentanwalte 

Tiedtke-Buhling-Kinne & Partner, 
Bavariaring 4 
80336 Munchen (DE) 



(54) POWER TRANSMISSION MECHANISM 



(57) A power transmission mechanism includes a 
first rotary body having an engagement recess, and a 
second rotary body, which is coaxial to the first rotary 
body, and an engagement projection. The position of at 
least one of the engagement recess and the engage- 
ment projection changes with respect to the associated 
rotary body. An elastic member elasticalty deforms in ac- 



cordance with force based on a transmission torque dur- 
ing power transmission between the first rotary body 
and the second rotary body. The elastic deformation of 
the elastic member permits the position of at least one 
of the engagement recess and the engagement projec- 
tion to be changed. Sliding of the engagement projection 
in the engagement recess permits relative rotation of the 
rotary bodies within a predetermined angle range. 
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Description 

Technical Field 

- [0001] The present invention relates to a power trans- 
mission mechanism provided between a first rotary 
body and a second rotary body. More specifically, this 

• invention relates to a power transmission mechanism 
that can reduce variation In transmission torque be- 
tween the rotary bodies. 

Background Art 

[0002] For example, Japanese Unexamined Patent 
Publication (KOKAI) No. Hei 11-30244 discloses a pow- 
er transmission mechanism in which a rotary body of an 
external drive source and a rotary body of a driven ma- 
chine are coupled by an elastic member, such as rubber 
According to the power transmission mechanism, as the 
elastic member elasticaliy deforms upon application of 
force based on a transmission torque during power 
transmission from the external drive source to the driven 
machine, relative rotation of the rotary bodies is permit- 
ted. 

[0003] Even if the transmission torque between the 
rotary bodies varies due to a change in the output torque 
of the external drive source or a change in the drive 
torque of the driven machine, the variation in transmis- 
sion torque Is reduced by the relative rotation of the ro- 
tary bodies based on the elastic deformation of the elas- 
tic member. 

[0004] According to the above-described art. howev- 
er, reduction of transmission torque variation depends 
only on the elastic defomnation of the elastic member. 
Therefore, variation in transmission torque cannot be re- 
duced. 

Disclosure of the Invention 

[0005] It is an object of the present invention to pro- 
vide a power transmission mechanism that reduces 
transmission torque variation between a first rotary body 
and a second rotary body effectively. 
[0006] To achieve the object, this invention provides 
the following power transmission mechanism. The pow- 
er transmission mechanism includes a first rotary body, 
which has an engagement recess, and a second rotary 
body, which is coaxial to the first rotary body and has an 
engagement projection. The position of at least one of 
the engagement recess and the engagement projection 
is changed with respect to the associated rotary body. 
An elastic member elasticaily deforms in accordance 
with force based on the transmission torque during pow- 
er transmission between the first rotary body and the 
second rotary body. The elastic deformation of th elas- 
tic member permits the position of at least one of the 
engagement recess and the engagement projection to 
be changed. Sliding of the engagement projection in the 



engagement recess permits relative rotation of the ro- 
tary bodies within a predetermined angle range. 

Brief Description of the Drawings 

5 

[0007] 

Fig. 1 is a cross-sectional view showing the outline 
of a compressor equipped with a power transmis- 
10 sion mechanism according to this embodiment; 

Fig. 2(a) is a front view of the power transmission 
mechanism In Fig. 1 ; 

Fig. 2(b) Is a cross-sectional view taken along the 
line 2b-2b In Fig. 2(a); 
15 Fig. 3 is a diagram showing a power transmission 
member; 

Fig. 4 is a partially enlarged view showing the action 

of the power transmission mechanism; 

Fig. 5 is a partially enlarged view showing the action 

20 of the power transmission mechanism; 

Fig. 6 Is a partially enlarged view showing the action 
of the power transmission mechanism; 
Fig. 7 is a front view of the power transmission 
mechanism with a connecting piece disengaged 

25 from an engagement recess and a hub; 

Fig. 8 is a graph illustrating the relationship between 
a torque variation and the rotational speed of the 
compressor; 

Fig. 9 is a diagram showing a power transmission 
30 mechanism according to a second embodiment in 
a power-transmittable state; 
Fig. 10 'rs a diagram showing the power transmis- 
sion mechanism in Fig. 9 whose power transmis- 
sion is shut off; 
35 Fig. 11 is a front view depicting a power transmis- 
sion mechanism according to a third embodiment; 
and 

Fig. 12 is a front view depicting a power transmis- 
sion mechanism according to a fourth embodiment. 

40 

Best Mode for Carrying Out the Invention 

[0008] A first embodiment of the present invention as 
embodied in a power transmission mechanism that 

45 transmits power between a compressor of an air-condi- 
tioning system for a vehicle and an engine which drives 
the compressor is described with reference to Figs. 1 
through 8. In Fig. 1 , the left-hand side of the figure is 
frontward and the right-hand side is rearward. 

so [0009] As shown in Fig. 1 , a compressor C as a driven 
machine has a cylinder block 1 2, a front housing 1 1 con- 
nected to the front end portion of the cylinder block 12 
and a rear housing 1 3 connected to the rear end portion 
of the cylinder block 12. The front housing 11 , the cylin- 

55 der block 12 and the rear housing 13 form th housing 
of the compressor C. A crank chamber 14 is defined be- 
tween the front housing 1 1 and the cylinder block 12. A 
suction chamber 15 and a discharge chamber 16 are 
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defined between the cylinder block 12 and the rear 
* housing 13. 

[0010] A rotary shaft 17 is supported on the front 
housing 1 1 and the cylinder block 1 2. The front end por- 

- tion of the rotary shaft 17 protrudes from an op ning of 
the front housing 1 1 . A shaft seal unit 1 8, which includes 
a lip seal, is provided on the rotary shaft 1 7. The shaft 

- seal unit 18 seals the crank chamber 14. The rotary shaft 
1 7 is coupled to an external drive source, or an engine 
Eg, via a power transmission mechanism 31 without a 
clutch mechanism, such as an electromagnetic clutch. 
The rotary shaft 17 is driven via the power transmission 
mechanism 31 when the engine Eg is running. 

[001 1 ] A swash plate 1 9 is coupled to the rotary shaft 
1 7 in the crank chamber 1 4 via a hinge mechanism 1 9A 
such that the swash plate 1 9 and the hinge mechanism 
1 9A rotate together A plu rallty of cylinder bores 20 (only 
one shown in Fig. 1 ) are formed in the cylinder block 1 2. 
A single head piston 21 is retained in each cylinder bore 

20 in a reciprocatabte manner. One end of each piston 

21 is coupled to the peripheral portion of the swash plate 
19 via a pair of shoes 22. In each cylinder bore 20, the 
piston 21 reciprocates. The reciprocation of the piston 
21 causes a refrigerant gas to be drawn into the cylinder 
bore 20 from the suction chamber 15. The refrigerant 
gas is compressed in the cylinder bore 20. The com- 
pressed refrigerant gas is discharged from the cylinder 
bore 20 to the discharge chamber 16. 

[0012] The power transmission mechanism 31 is de- 
scribed below, 

[0013] As shown in Figs. 1 and 2(b), asupport cylinder 
23 is provided at the front end portion of the front hous- 
ing 11. An angular bearing 32 Is provided around the 
support cylinder 23. A pulley 33, or a first rotary body, is 
rotatably supported on the support cylinder 23 by the 
angular bearing 32. The pulley 33 is coupled to the en- 
gine Eg by a power transmission belt 34, such as a V 
belt. 

[0014] The pulley 33 has a boss 35 which is attached 
to the outer ring of the angular bearing 32, an outer ring 
36 around which the belt 34 is wrapped, and a disc por- 
tion 37, which connects the boss 35 to the outer ring 36. 
[0015] A hub 38, or a second rotary body, is fixed to 
the front end portion of the rotary shaft 1 7 by a bolt 39 
such that the hub 38 and the shaft 17 rotate together 
An inner ring 40, which is concentric to the outer ring 36 
and has a smaller diameter than the outer ring 36, is 
provided at the periphery of the hub 38. As shown in Fig. 
2(a), a second engagement portion, or four slots 41 « are 
provided in the inner ring 40 at intervals of 90" around 
the axis of the rotary shaft 17. Each slot 41 has inner 
side surfaces 42 and 43, which are parallel to each other 
and are flat. An imaginary plane that is positioned be- 
tween the side surfaces 42 and 43 and Is parallel to the 
side surfaces 42 and 43 includes the axis of the hub 38. 
The inner periphery of the outer ring 36 and the outer 
periphery of the inner ring 40 are both circular are cen- 
tered on the axis L of the rotary shaft 17. 



[0016] Four power transmission springs 44, which 
serve as first engagement portions, are provided be- 
tween the outer ring 36 and the inner ring 40 at intervals 
of 90° around the axis L. A proximal end 45 of the power 

5 transmission spring 44, which is a leading end when the 
pulley 33 rotates(in the clockwise direction of Fig. 2(a)), 
is fixed to the outer ring 36 so that the entire power trans- 
mission spring 44 is attached to the outer ring 36 in a 
cantilever fashion. The power transmission spring 44 

10 has a wave shape. 

[0017] The power transmission spring 44 has a crest 
46 and a trough 48, both of which have nearly arcuate 
shapes. The crest 46 extends toward the inner ring 40 
and the trough 46 extends toward the outer ring 36. A 

15 rubber damper 50 is retained between the crest 46 and 
the inner surface of the outer ring 36. The rubber damper 
50 abuts against both the power transmission spring 44 
and the outer ring 36. 

[0018] The trough 48 of the power transmission spring 

20 44 has a recess 49 facing the hub 38. When an outward 
radial force is applied to the power transmission spring 
44 from the center of the pulley 33 at a distal end 47 of 
the power transmission spring 44, the power transmis- 
sion spring 44 elastteally deforms, and the proximal end 

25 45 is a point of support. As shown in Fig. 6, the elastic 
defomriation causes the trough 48 to contact the inner 
surface of the outer ring 36. When the application of the 
load to the power transmission spring 44 continues 
thereafter, the power transmission spring 44 elastically 

30 defonns at a location closer to the distal end 47 than the 
point at which the through 48 contacts the inner surface 
of the outer ring 36 (see Fig. 6). If any location between 
the abutting point and the distal end 47 is the point at 
which the force is applied, similar elastic deformation is 

35 caused. 

[0019] The radius of curvature of the recess 49 of the 
power transmission spring 44 is smaller in the range 
from the abutting point to the distal end 47 than in the 
range from the abutting point to the crest 46. 

40 [0020] An annular power transmission member 59 of 
synthetic resin is located between each power transmis- 
sion spring 44 and the hub 38. As shown in Fig. 3, the 
power transmission member 59 has a plurality of (four 
in this embodiment) connecting pieces 51 and a plurality 

^5 of (four in this embodiment) coupling springs 58, which 
are alternately arranged and coupled together. 
[0021] The power transmission member 59 may be 
made of either a metal material or a resin material. When 
the power transmission member 59 is made of a syn- 

50 thetic resin material, for example, suitable materials are 
a fluorine resin, such as polyether ether ketone or pol- 
ytetrafluoroethylene, phenolalkyi, such as SK resin 
(trade mark : produced by Sumitomo Chemical Compa- 
ny, Limited), polyamide Imide, polyphenylene sulfide 

55 containing 50% by weight of polytetrafluoroethylene, a 
mixture of polyphenylene sulfide, polytetrafluoroethyl- 
ene and carbon fiber, polyamide, such as nylon 66, 
acetal copolymer and so forth in consideration of the 
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wear resistance of the connecting pieces 51 andthefric- 
*tion between the connecting pieces 51 and the power 

transnnission spring 44. 

[0022] The connecting piece 51 has an approximately 
cubic shape, a top surface 52 facing the power trans- 
nnission spring 44 is retained in the recess 49 and a bot- 
tom surface 53 facing the center portion of the hub 38 
• is retained in the slot 41 . The coupling spring 58, which 
is a leaf spring, couples a side surface 54 and a side 
surface 55 of adjoining connecting pieces 51 . 
[0023] The top surface 52 of each connecting piece 

51 has a curvature equal to that of the inner surface of 
the outer ring 36. The center portion of the top surface 

52 is formed to expand toward the inner surface of the 
outer ring 36 more than the end portions of the top sur- 
face 52. The radius of curvature of the top surface 52 is 
greater than that of any portion of the recess 49. The 
curvature of the bottom surface 53 Is equal to that of the 
inner surface of the inner ring 40. The center portion of 
the bottom surface 53 in the circumferential direction of 
the inner ring 40 Is closer to the top surface 52 than the 
end portions of the bottom surface 53. 

[0024] When each connecting piece 51 is retained in 
the associated slot 41 (engaged state), the proximal end 
of the coupling spring 58 abuts against the inner ring 40, 
which restricts the movement of the connecting piece 
51 toward the center of the hub 38. In this state, the bot- 
tom surfaces 53 do not protrude toward the center of the 
hub 38 from the inner surface of the Inner ring 40. The 
distance between the top surface 52 and the bottom sur- 
face 53 of each connecting piece 51 , i.e., the maximum 
size of each connecting piece 51 in the radial direction 
of the hub 38, is less than the distance between the inner 
surface of the outer ring 36 and the outer surface of the 
inner ring 40. 

[0025] The distance between the side surfaces 54 
and 55 of each connecting piece 51 is nearly equal to 
the distance between the side surfaces 42 and 43 of the 
slot 41 , so that the connecting pieces 51 , when engaged 
with the hub 38, are parallel to the side surfaces 42 and 
43. That is, each connecting piece 51 is engaged with 
the hub 38 in a disengageable manner in the radial di- 
rection of the hub 38 with no clearance between itself 
and the slot 41 . 

[0026] First and second corner portions 56 and 57 are 
fonned between the side surfaces 54 and 55 and the 
top surface 52 of each connecting piece 51. The radi- 
uses of curvature of the comer portions 56 and 57 are 
smaller than that of any portion of the curved surface of 
the recess 49. With no load applied at the time of power 
transmission between the pulley 33 and the hub 38, 
each power transmission spring 44 is engaged with a 
connecting piece 51 , and the corner portions 56 and 57 
abut against the recess 49. When the connecting piece 
51 is retained in the recess 49, the top surfac 52 do s 
not abut against the power transmission spring 44, but 
the corner portions 56 and 57 do. In this state, a clear- 
ance is fonned between the top surface 52 and the pow- 
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er transmission spring 44. 

[0027] When the pulley 33 and the hub 38 relatively 
rotate based on the load on the hub 38, the connecting 
piece 51 slides on the curved surface of the recess 49 

5 when the relative rotation lies within a predetermined 
angle range, and the connecting piece 51 and the re- 
cess 49 relatively move while being engaged with each 
other. That is, each curved surface that forms a recess 
49 is a sliding surface along which a connecting piece 

10 51 slides with respect to a power transmission spring 44 
within the predetermined angle range. 
[0028] When a load exists between the pulley 33 and 
the hub 38 and as the connecting piece 51 relatively 
moves in the circumferential direction of the pulley 33, 

15 one of the corner portions 56 and 57 of the connecting 
piece 51 abuts against the sliding surface and presses 
the power transmission spring 44. The abutting portion, 
with respect to the sliding surface of the connecting 
piece 51 , is inclined in the circumferential direction of 

20 the pulley 33. Therefore, the connecting piece 51 eias- 
tically defomns the power transmission spring 44 to push 
it outward from the center of the pulley 33. 
[0029] As described above, when the connecting 
piece 51 is engaged v/ith the slot 41 of the hub 38 and 

2S the power transmission spring 44 of the pulley 33, power 
transmission and relative rotation are possible between 
the pulley 33. 

[0030] Fig. 3 shows the power transmission member 
59 when the coupling spring 58 Is in a natural state. In 

30 the natural state, the coupling spring 58 has neariy an 
arcuate shape. When the power transmission member 
59 is in this state and is engaged with the power trans- 
mission spring 44 and the hub 38, each connecting 
piece 51 is pushed into the associated slot 41 toward 

35 the center direction of the hub 38 against the elastic 
force of the coupling spring 58 as shown in Fig. 2(a). At 
this time, the coupling spring 58 elastically defomns to 
expand outward In the radial direction of the hub 38. The 
elastic force of the coupling spring 58 to return to the 

40 natural state after assembly is less than the elastic force 
of the power transmission spring 44 that urges the con- 
necting piece 51 toward the center of the hub 38. Be- 
cause of the difference between the force of the coupling 
spring 58 and the elastic force of the power transmission 

45 spring 44, therefore, the proximal end of the coupling 
spring 58 (the link portion between the spring 58 and the 
connecting piece 51) is pressed against the inner ring 
40, which keeps the connecting piece 51 engaged with 
the hub 38. 

so [0031] Fig. 7 shows the power transmission member 
59 with the pulley 33 and the hub 38 disengaged from 
each other. In the disengaged state, the elastic force of 
the coupling spring 58 causes the top surfaces 52 of the 
connecting pieces 51 to contact the inner surface of the 

55 outer ring 36. Since the coupling spring 58 has enough 
force to press the connecting piece 51 against the outer 
ring 36 at this time, a clearance is formed between th 
bottom surface 53 and the inner ring 40 of the hub 38. 
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and the connecting piece 51 does not contact the hub 
38. Therefore, the coupling spring 58 maintains the state 
of disengagement of the connecting piece 51 from the 
pulley 33 and the hub 38. 

[0032] The following discusses the operation of the s 
power transmission mechanism according to this em- 
bodiment. 

[0033] The power of the engine Eg is transmitted to 
the pulley 33 via the power transmission belt 34. The 
power transmitted to the pulley 33 is transmitted to the io 
connecting pieces 51 via the power transmission 
springs 44, which are secured to the outer ring 36. Fur- 
ther, the power is transmitted to the rotary shaft 17 via 
the hub 38. When the load on the driven machine be- 
comes greater than the drive torque of the drive source is 
and a load (transmission torque) is produced between 
the pulley 33 connected to the drive source and the hub 
38 connected to the driven machine during such power 
transmission, relative movement occurs between the 
power transmission spring 44 and the connecting piece 
51 , thus causing relative rotation between the pulley 33 
and the hub 38. 

[0034] As the pulley 33 is turned clockwise, as shown 
in Fig. 4, the hub 38 relatively rotates counterclockwise 
together with the connecting piece 51. Then, the first 
corner portion 56 slides along the sliding surface of the 
recess 49, causing elastic deformation of the power 
transmission spring 44 in the radial direction of the pul- 
ley 33. At this time, the second comer portion 57, which 
was abutted on the sliding surface of the recess 49 
moves away from the sliding surface and the first corner 
portion 56 abuts the sliding surface. Under a normal 
load, power transmission is carried out in this state. 
[0035] As the angle of relative rotation of the pulley 
33 and the hub 38 increases, the abutting point of the 
first corner portion 56 on the sliding surface moves to- 
ward the distal end 47 of the power transmission spring 
44. The inclination angle of the sliding surface with re- 
spect to the pulley 33 Is larger toward the distal end 47. 
As the abutting point moves toward the distal end 47, 
therefore, the amount of elastic defonnation (the 
amount of displacement of the distal end 47 with the 
proximal end 45 as a supporting point) increases. 
[0036] When the load increases, due to an abnormal- 
ity in the compressor C, and the angle of relative rotation 
of the pulley 33 and the hub 38 increases, the distal end 
47 of the power transmission spring 44 is elasllcally de- 
formed further in the radial direction of the pulley 33, and 
the proximal end 45 is the supporting point. As a result, 
the trough 48 abuts against the inner surface of the outer 
ring 36 as shown in Fig. 5. 

[0037] When the load increases further, in addition to 
such elastic deformation, with the proximal end 45 as a 
supporting point, or first elastic deformation, a second 
elastic deformation of the spring 44 occurs when the 
trough 48 abuts against the inner surface of the outer 
ring 36 and forms a supporting point. The second elastic 
deformation is caused as the abutting point between the 



connecting piece 51 and the sliding surface of the re- 
cess 49 is applied closer to the distal end 47 than the 
abutting point between of the trough 48 and the outer 
ring 36. That is, the distance between the point of force 
application and the supporting point (the abutting point 
between the trough 48 and the outer ring 36) is suffi- 
ciently shorter than that in the case of the first elastic 
defonnation. When the second elastic defonnation 
starts, therefore, the force of the power transmission 
spring 44 on the connecting piece 51 increases dramat- 
ically, making it hard to increase the angle of relative 
rotation between the pulley 33 and the hub 38. 
[0038] When the angle of relative rotation between 
the pulley 33 and the hub 38 nevertheless increases 
against the force based on the first and second elastic 
deformations, the first corner portion 56 moves away 
from the sliding surface of the recess 49 and the distal 
end 47 abuts against the top surface 52 and starts slid- 
ing, as shown in Fig. 6. When the angle of relative rota- 
tion further increases, i.e., when the load between the 
pulley 33 and the hub 38 exceeds a predetermined val- 
ue, the connecting piece 51 eventually climbs over the 
sliding surface and is disengaged from the power trans- 
mission spring 44. 

[0039] As shown in Fig. 7, the disengaged connecting 
piece 51 moves outward in the radial direction from the 
center of the hub 38 due to the force of the coupling- 
spring 58. Consequently, the connecting piece 51 is dis- . 
engaged from the slot 41 of the hub 38 and the engage- 
ment of the connecting piece 51 with the hub 38 is re- 
leased. The force of the coupling spring 58 causes the 
connecting piece 51 to abut against the inner surface of 
the outer ring 36 and to rotate together with the pulley 
33. Because a clearance exists between the connecting 
piece 51 and the hub 38, the rotation of the pulley 33 is 
not transmitted to the hub 38. Accordingly, the power 
transmission between the pulley 33 and the hub 38 is 
discontinued. 

[0040] Variation in load (torque variation) always oc- 
curs between the pulley 33 and the hub 38 due to vari- 
ation in the compression reactive force of the compres- 
sor C and the pulsation of the drive shaft of the engine 
Eg. Under such a circumstances, the clockwise and 
counterclockwise relative rotations of the hub 38 to the 
pulley 33 are alternately repeated. 
[0041] With the first elastic deformation alone occurs, 
as shown In Fig. 4, the point of force application of the 
elastic deformation repeatedly reciprocates on the slid- 
ing surface of the recess 49 in the rotational direction of 
the pulley 33. Therefore, the distance between the point 
of force application and the supporting point (the proxi- 
mal end 45) always changes. This change in distance 
normally results in a change of the elastic coefficient of 
the power transmission spring 44. Th continuous 
change in elastic coefficient suppresses resonance of 
the pulley 33 and the hub 38. 

[0042] Even with the first and s cond elastic deforma- 
tions occurring, as shown in Fig. 5, the distance between 
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the supporting point (the abutting point of the trough 48 
"to the outer ring 36) and the point of force application 
nomnally changes. Therefore, the elastic coefficient con- 
tinuously changes, which suppresses resonance. That 

- is, when the connecting piece 51 is engaged with the 
power transmission spring 44 and the pulley 33 and the 
hub 38 are in a power transmission state, resonance of 

• the pulley 33 and the hub 38 is suppressed. 
[0043] The connecting piece 51 repeatedly recipro- 
cates along the recess 49. The friction produced during 
the reciprocal movement attenuates the relative vibra- 
tion of the pulley 33 and the hub 38, which reduces the 
amplitude of variation in the load. 
[0044] Further, the rubber damper 50 absorbs vibra- 
tion with the proximal end 45 of the power transmission 
spring 44 as a supporting point. Therefore, the relative 
vibration of the pulley 33 and the hub 38 is attenuated, 
which reduces the amplitude of load variation. 
[0045] Fig. 8 is a graph illustrating the relationship be- 
tween the magnitude of torque variation between the 
pulley 33 and the hub 38 and the rotational speed of the 
compressor C. A solid line 104 indicates the character- 
istics of torque variation when the power transmission 
mechanism 31 of this embodiment is used. A broken line 
105 indicates the torque variation characteristics when 
the power transmission mechanism is not used in a 
comparative example in which the relative rotation of the 
pulley 33 and the hub 38 does not occur during power 
transmission. 

[0046] In the comparative example, as apparent from 
the broken line 105, a peak in torque variation occurs in 
the normal rotational range of the compressor C. In the 
present embodiment, which is indicated by the solid line 
1 04, by way of contrast, the peak in the torque variation 
is shifted out of the nomnal rotational range of the com- 
pressor C and the torque variation is reduced over al- 
most the entire nomrial rotational range as compared 
with the comparative example. Further, the value of the 
maximum peak in torque variation is also reduced. This 
indicates that the power transmission mechanism 31 of 
the present embodiment, which Is coupled in such a way 
that the recess 49 and the connecting piece 51 are mov- 
able relative to each other while sliding, suitably reduces 
. the torque variation produced between the compressor 
C and the external drive source. 
[0047] The present embodiment can provide the fol- 
lowing effects. 

[0048] Because the pulley 33 and the hub 38 are cou- 
pled to be relatively rotatable within a predetermined an- 
gle range during power transmission, the power trans- 
mission mechanism 31 can transmit powerwhile limiting 
torque variation produced between the pu Iley 33 and the 
hub 38 to a predetermined value. For example, while 
the torque variation caused by a change in the compres- 
sion reactive force of the compressor C is transmitted 
directly to the hub 38, the torque variation that is trans- 
mitted to the pulley 33 from the hub 38 is reduced by the 
relative rotation of the pulley 33 and the hub 38. 
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[0049] The sliding of the connecting piece 51 and the 
power transmission spring 44 takes place against fric- 
tional resistance between the connecting piece 51 and 
the power transmission spring 44. This frictional resist- 

5 ance effectively reduces the torque variation. That is, 
the torque variation is reduced surely by the frictional 
resistance produced between the connecting piece 51 
and the power transmission spring 44 in addition to the 
reduction of the torque variation by the elastic deforma- 

10 tion of the elastic member 44. 

[0050] The torque variation is also reduced by the rub- 
ber damper 50. 

[0051] The portion of the connecting piece 51 that 
abuts againstthe sliding surface of the recess 49 moves 

IS with respect to the sliding surface of the recess 49. 
Therefore, the connecting piece 51 does not continue 
sliding at the same position of the recess 49, and uneven 
wear of the sliding surface of the recess 49 is prevented. 
[0052] The portion where the power transmission 

20 spring 44 and the connecting piece 51 abut against on 
the other moves, the elastic coefficient of the power 
transmission spring 44 changes. This suppresses the 
resonance in the relative rotational vibration of the pulley 
33 and the hub 38. 

25 [0053] When the trough 48 abuts against the inner 
surface of the outer ring 36, the supporting point of the 
elastic deformation of the power transmission spring 44 
moves from the proximal end 45 to the point where the 
trough 48 and the outer ring 36 contact one another. 

30 That is. when the angle of relative rotation of the pulley 
33 and the hub 38 reaches a predetermined value, the 
amount of change in the elastic coefficient of the power 
transmission spring 44 with respect to a unit increase in 
the angle of relative rotation increases. This suppresses 

35 resonance in the relative rotation of the pulley 33 and 
the hub 38 more effectively and prevents power trans- 
mission between the pulley 33 and the hub 38 from be- 
ing shut off in a relatively low torque state. 
[0054] By changing the magnitude of the frictional re- 
sistance between the connecting piece 51 and the pow- 
er transmission spring 44, the action of reducing the 
torque variation can be adjusted easily. Another compo- 
nent for reducing the torque variation is not needed, and 
the development costs are saved. The magnitude of the 
frictional resistance can be changed by, for example, ad- 
hering or coating a material with a low friction material, 
such as a fluorine resin, applying a lubricant on the slid- 
ing surface of the recess 49, causing the power trans- 
mission spring 44 and the connecting piece 51 to make 

50 planar contact to adjust the area, or by adjusting the 
force of the power transmission spring 44 on the con- 
necting piece 51 . Reducing the frictional resistance be- 
tween the connecting piece 51 and the power transmis- 
sion spring 44 improves sliding between the connecting 

55 piece 51 and the power transmission spring 44 by re- 
ducing friction. 

[0055] As the angle of relative rotation of the pulley 
33 and the hub 38 increases and the point where the 
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^ connecting piece 51 and the sliding surface of the re- 
cess 49 abut against another comes closer to the distal 
end 47, the load of the relative rotation of the pulley 33 
and the hub 38 becomes greater. To release the en- 

• gagement of the connecting piece 51 with the power 
transmission spring 44, therefore, force of a predeter- 
mined value or greater is needed. It is therefore possible 

• to prevent the shut-off of power transmission in a state 
of a low power transmission load. 

[0056] The sliding surface of the recess 49 is nearly 
arcuate. As the abutting point comes closer to the distal 
end 47, therefore, the rate of increase in the load be- 
tween the pulley 33 and the hub 38 (the amount of an 
increase in load per angle of relative rotation) increases 
gradually and smoothly. That is, because the sliding sur- 
face is curved, the connecting piece 51 can be moved 
continuously to the position at which engagement Is re- 
leased. It is therefore possible to reduce shock until the 
power transmission is shut off. 

[0057] The sliding surface of the recess 49 is curved. 
As compared with the case where the sliding surface of 
the recess 49 is formed by connecting plural planar sur- 
faces different inclination angles to the circumferential 
direction of the pulley 33, for example, the sliding sur- 
face of this embodiment involves only a simple manu- 
facturing process. Since the connecting piece 51 can 
slide on the sliding surface smoothly, smooth relative ro- 
tation of the pulley 33 and the hub 38. and eventually, a 
variation in transmission torque is suppressed effective- 
ly. 

[0058] The sliding surface of the recess 49 has a 
smaller radius of curvature on the distal end 47 than on 
the proximal end 45. Therefore, the connecting piece 51 
is not disengaged from the power transmission spring 
44 when the load is relatively low. This prevents a power 
transmission cut-off in a low load state. 
[0059] When the connecting piece 51 is engaged with 
the recess 49, at least one of the comer portions 56 and 
57 contacts the power transmission spring 44 while the 
top surface 52 does not contact the power transmission 
spring 44. Even when the connecting piece 51 is worn 
out in this state, the top surface 52 does not wear out, 
and the amount of elastic deformation does not change 
when the connecting piece 51 is disengaged from the 
power transmission spring 44. Therefore, the value of 
the load when power transmission between the pulley 
33 and the hub 38 is shut off is stable, the life of the 
product is long, and labor, such as maintenance, is re- 
duced. 

[0060] When the load between the pulley 33 and the 
hub 38 exceeds a predetermined value, power trans- 
mission between the pulley 33 and the hub 38 is shut 
off. Therefore, the engine Eg is protected against an ex- 
cess load. 

[0061] The connecting piec 51 is not disengaged 
from the power transmission spring 44 while moving on 
the sliding surface. Therefore, the engagement of the 
connecting piece 51 with the power transmission spring 



44 can be released only when the load exceeds a pre- 
detemnined value. 

[0062] When the connecting piece 51 is disengaged 
from both the pulley 33 and the hub 38. power transmis- 

5 slon is shut off reliably. 

[0063] When a connecting piece 51 has been sepa- 
rated from the power transmission spring 44, it is sepa- 
rated from the hub 38 by the force of the coupling spring 
58. It is therefore possible to reliably stop power trans- 

10 mission. 

[0064] Each connecting piece 51 is integral with the 
coupling spring 58. Accordingly, the connecting pieces 
51 are not dispersed during assembly and after being 
separated from the pulley 33 and the hub 38 and are 

15 thus easy to handle. 

[0065] A plurality of coupling springs 58 are coupled 
to a plurality of connecting pieces 51 to form the closed 
annular power transmission member 59. This improves 
the force of each connecting piece 51 compared to a 

20 case where the power transmission member is formed 
by independent springs and connecting pieces 51. 
[0066] Each connecting piece 51 is urged outward in 
the radial direction from the center of the hub 38 by the 
associated coupling spring 58. Each connecting piece 

25 51 is also urged outward In the radial direction by the: 
centrifugal force of the rotating hub 38 at the time of dis- 
engagement from the hub 38. Therefore, each connect- 
ing piece 51 is reliably separated from the hub 38. As a: 
result, the disengagement of the pulley 33 from the hub 

30 38 is reliable. 

[0067] Since the coupling springs 58 prevent the con- 
necting pieces 51 from being reengaged with the power 
transmission springs 44 and the hub 38, the disengage- 
ment of power transmission is reliable. Further, the con- 

35 necting pieces 51 that are separated from the power 
transmission spring 44 and the hub 38 are prevented 
from moving between the outer ring 36 and the hub 38. 
This inhibits abnormal sounds and damages to the com- 
ponents. The top surface 52 of each connecting piece 

40 51 has a planar contact surface for contacting with the 
inner surface of the outer ring 36 to make an integral 
connection with the pulley 33. The integral connection 
is therefore stable. 

[0068] The recess 49 is supported on the pulley 33 

45 via the power transmission spring 44, which is an elastic 
member, and is constructed such that a change In its 
position (deformation of the sliding surface) with respect 
to the pulley 33 can occur due to the elastic deformation 
of the power transmission spring 44. That is, the elastic 

so members 44 are arranged in the power transmission 
path and are power transmission members. The number 
of power transmission members is thus reduced com- 
pared with a structure where, for example, the elastic 
members are not arranged In the power transmission 

55 path. 

[0069] The sliding surface of the recess 49 against 
which the connecting piece 51 abuts is provided on the 
power transmission spring 44 itself. That Is, since the 
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member that is provided with tiie sliding surface and the 
member that applies elastic force to the former sliding 
surface fomned by a common member, the number of 
components is reduced and the structure is simple. 

- [0070] The recess 49 deforms in the radial direction 5 
of the pulley 33. When the connecting piece 51 moves 
in the radial direction of the hub 38 and disengages, the 

• hub 38 disengages with the connecting piece 51 . As 
compared with a case where the connecting piece dis- 
engages in the axial direction of the rotary shaft 17, io 
therefore, it is unnecessary to provide another member 
for moving the connecting piece 51 in the axial direction 
or space for accommodating that member. This limits 
the size of the pulley 33 and the hub 38. Because space 
in the axial direction of the rotary shaft 1 7 is restricted is 
in the engine compartment where the compressor C is 
located, this embodiment is particularly beneficial. Fur- 
ther, the disengagement of the connecting piece 51 In 
the radial direction of the rotary shaft 17 is not accom- 
panied by generation of a reactive force in the axial di- 
rection of the rotary shaft 17. It is therefore possible to 
limit the generation of force in the axial direction. 
[0071] The coupling spring 58 both disengages the 
connecting piece 51 from the hub 38 and connects the 
pulley 33 and the connecting piece 51 . Therefore, the 25 
number of parts is reduced and the structure is simple. 
[0072] The power transmission member 59 is inte- 
grally formed of a synthetic resin. This facilitates pro- 
duction by injection molding or the like, cost reduction 
and weight reduction. The weight reduction reduces the 
influence of centrifugal force on the power transmission 
springs 44 engaged while they are with the pulley 33 
and the hub 38. 

[0073] When the power transmission spring 44 is 
harder than the connecting piece 51, the connecting 
piece 51 wears. After the power transmission member 
59 wears, replacement, if necessary, is easy 
[0074] The coupling spring 58 is a leaf spring. This 
increases the degree of design freedom, thus facilitating 
the design and contributing to cost reduction. In a case 
where the coupling spring 58 is made of a resin, mass 
production by injection molding or the like is easier and 
the power transmission mechanism 31 is lighter. 
[0075] When the connecting piece 51 is engaged with 
the hub 38, the bottom surface 53 of the connecting 
piece 51 does not protrude toward the center of the hub 
38 from the inner surface of the inner ring 40. In a case 
where a component is provided outside the boss 35 in 
the radial direction, therefore, interference is avoided. 
[0076] The magnitude of the load that causes power 
transmission between the pulley 33 and the hub 38 to 
be cut off can bo adjusted relatively easily by changing 
the shapes of the power transmission spring 44 and the 
power transmission member 59. it is th refore possible 
to reduce the cost of developing products. With regard 
to the shape of the power transmission spring 44, for 
example, the size of the sliding surface from the distal 
end 47 of the power transmission spring 44 to the sup- 



porting point in the second elastic deformation may be 
changed. Further, the size of the power transmission 
spring 44 (spring width) in the axial direction of the rotary 
shaft 17, the thickness of the spring member or the like 
may be changed. With regard to the shape of the power 
transmission spring 44^ for example, the size of the con- 
necting piece 51 in the radial direction of the pulley 33, 
the size of the coupling spring 58 (spring width) in the 
axial direction of the rotary shaft 1 7, the thickness of the 
coupling spring 58 or the like may be changed. 
[0077] This embodiment may be modified as follows. 
[0078] As in a second embodiment shown in Figs. 9 
and 10, a plurality of engagement projections 60 may 
be provided on the hub 38 and may be engaged with 
the recesses 61 fomned in the associated connecting 
pieces 51 . This eliminates the need for the slots in the 
hub 38 as in the embodiment in Fig. 2(a), so that the 
strength of the hub 38, to which relatively large force is 
applied, can be increased. Each engagement projection 
60 is provided with a restriction piece 60A which extends 
in the radial direction of the hub 38. Each restriction 
piece 60A prevents the associated connecting piece 51 
from moving considerably in the axial direction of the 
hub 38 during power transmission. 
[0079] When the engagement of each connecting 
piece 51 with the hub 38 is released, as shown in Fig. 
10, each connecting piece 51 abuts against a mount 
portion of the power transmission spring 44 (near an at- 
taching screw 62 in Fig. 1 0). Accordingly, each connect- 
ing piece 51 is secured to the pulley 33 in a stable state. 
In the disengaged state, as the distal end of each power 
transmission spring 44 presses the coupling spring 58 
inward in the radial direction, the holding force of each 
connecting piece 51 on the pulley 33 is increased. 
[0080] The number of connecting pieces 51 is not lim- 
ited to four, but may be one, for example. When the 
number of connecting pieces 51 is one as in a third em- 
bodiment shown in Fig. 11. abutment of the coupling 
spring 58 against the outer ring 36 applies force to the 
connecting piece 51 . The power transmitted to the hub 
38 from the pulley 33 can be adjusted by changing the 
number of connecting pieces 51 . Reducing the number 
of connecting pieces decreases the numbers of power 
transmission springs 44 and rubber dampers 50, thus 
facilitating assembly. 

[0081] In a fourth embodiment shown in Fig. 12, the 
power transmission springs 44 are provided on the pow- 
er transmission member 59 on the hub 38 and engage- 
ment projections 63 are fomned on the pulley 33. The 
power transmission member 59 is not annular and a part 
thereof is removed. The power transmission springs 44 
are engaged with the engagement projections 63. The 
coupling spring 58 and the hub 38 are provided with a 
plurality of inner teeth 64 and outer teeth 65, respective- 
ly, the teeth having a rectangular cross-section. The in- 
ner teeth 64 and out r teeth 65 extend radially, and the 
bolt 39 is at the center. The inner teeth 64 and outer 
teeth 65 engage with each other. When the angle of rel- 
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^ ative rotation of the pulley 33 and the hub 38 increases 
and the engagement of the engagement projections 63 
with the power transmission springs 44 is released, the 
teeth 64 and 65 disengage. 

• [0082] When the connecting pieces 51 are dlsen- 5 
gaged from the hub 38 and abut against the pulley 33 
(see Fig. 7), there may be no elastic energy in the cou- 

• pling spring 58. That is, the coupling spring 58 may not 
press the connecting piece 51 against the pulley 33. 
When the connecting piece 51 Is disengaged from the ' to 
hub 38; the connecting piece 51 may not be rotated to- 
gether with the pulley 33. In other words, in the disen- 
gaged state, the power transmission member 59 may 

not be Integral with either the pulley 33 or the hub 38 
and may be free. In this state too, power transmission is 
between the pulley 33 and the hub 38 is shut off as long 
as the connecting piece 51 Is disengaged from the pow- 
er transmission spring 44 and the slot 41 . 
[0083] The power transmission member may be 
urged radially inward. ^0 
[0084] The power transmission member 59 Is not lim- 
ited to a perfect annular shape but may be annular with 
a part cut away, as shown in Fig. 12. 
[0085] One of the connecting piece 51 and the cou- 
pling spring 58 may be made of metal and the other of 25 
a synthetic resin. The connecting piece 51 and the cou- 
pling spring 58 may be made of metal. 
[0086] The connecting piece 51 may be provided with 
an engagement recess and the power transmission 
spring 44 may be provided with an engagement projec- 30 
tlon so that the engagement recess of the connecting 
piece 51 is engaged with the engagement projection of 
the powertransmission spring 44. In this case, the pulley 
33 becomes the second rotary body and the hub 38 be- 
comes the first rotary body. 35 
[0087] The recess 49 and the connecting piece 51 
may be constructed In such a way that their positions 
can be changed with respect to the pulley 33 and the 
hub 38 with which they are associated. In this case, an 
elastic member for the recess 49 and an elastic member 40 
for the connecting piece 51 are provided. 
[0088] A change in the position of the engagement 
portion Is not limited to deformation of the engagement 
portion itself. For example, the position change includes 
rotation or movement of the engagement portion on the ^5 
associated rotary body. 

[0089] The use of the power transmission mecha- 
nisms according to the embodiments illustrated in Figs. 
1 to 12 Is not limited to powertransmission between the 
engine Eg and an air-conditioning compressor, but they so 
may be used for power transmission between, for ex- 
ample, the engine Eg and an auxiliary device other than 
an air-conditioning compressor (e.g., a hydraulic pump 
of a power steering unit, a mechanical supercharger, a 
cooling fan of a radiator or the like). The present inven- 55 
tion is not limited to the power transmission path of a 
vehicle, but maybe used In the powertransmission path 
of. for example, a machine tool between a drive source 



and a working tool. 



Claims 

1 . A powertransmission mechanism being character- 
ized by: 

a first rotary body having an engagement re- 
cess; 

a second rotary body which is coaxial to said 
first rotary body and has an engagement pro- 
jection, wherein the position of at least one of 
said engagement recess and said engagement 
projection can change with respect to the asso- 
ciated rotary body; 

an elastic member which elastically deforms in 
accordance with force based on a transmission 
torque during powertransmission between said 
first rotary body and said second rotary body, 
wherein elastic deformation of said elastic 
member permits the position of at least one of 
said engagement recess and said engagement 
projection to be changed, wherein sliding of 
said engagement projection In said engage- 
ment recess permits relative rotation of the ro- 
tary bodies within a predetermined angle 
range. v.. 

2. The power transmission mechanism according to 
claim 1 , wherein at least one of said engagement 
recess and said engagement projection is provided 
on one of said first and second rotary bodies via said 
elastic member, and elastic deformation of said 
elastic member causes at least one of said engage- 
ment recess and said engagement projection to be 
deformed or rotated with respect to that rotary body 
or moved with respect to the other. 

3. The power transmission mechanism according to 
claim 1 , wherein an abutting portion of said engage- 
ment recess and said engagement projection Is 
movable. 

4. The power transmission mechanism according to 
claim 1 , wherein at least one of said engagement 
recess and said engagement projection elastically 
deforms in a radial direction of the rotary bodies. ^ 

5. The power transmission mechanism according to 
any one of claims 1 to 4, wherein at least one of said 
engagement recess and said engagement projec- 
tion has a sliding surface on which the other en- 
gagement portion slides, wherein said sliding sur- 
face is inclined with respect to a circumferential di- 
rection of the rotary bodies, and as an angle of rel- 
ative rotation of the rotary bodies within said prede- 
termined angle range Increases, a force between 
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said engagement recess and said engagennent pro- 
jection increases. 

6. The power transmission mechanism according to 
claim 5, wherein said sliding surface is a curved sur- 5 
face. 

7. The power transmission mechanism according to 
any one of claims 1 to 6, wherein an elastic coeffi- 
cient of said elastic member is changed in accord- io 
ance with the magnitude of an angle of relative ro- 
tation of the rotary bodies within said predetenmined 
angle range during power transmission. 



any one of claims 1 to 1 2, wherein a coat for reduc- 
ing friction between said engagement recess and 
said engagement projection is formed on a sliding 
surface of at least one of said engagement recess 
and said engagement projection. 

14. The power transmission mechanism according to 
any one of claims 1 to 13, wherein when said trans- 
mission torque becomes excessively large, said en- 
gagement projection climbs over a sliding surface 
in said engagement recess and is disengaged from 
said engagement recess, thereby disengaging said 
engagement recess and said engagement projec- 
tion. 



8. The power transmission mechanism according to is 
claim 7, wherein at least one of said engagement 15. 
recess and said engagement projection Is provided 

on one of said first and second rotary bodies via said 
elastic member and can be deformed, rotated or 
moved with respect to that rotary body by elastic so 
deformation of said elastic member, and as an abut- 
ting portion of said engagement recess and said en- 
gagement projection is moved, said elastic coeffi- 
cient of said elastic member is changed. 

25 

9. The power transmission mechanism according to 
claim 8, wherein said elastic member is a leaf spring 
of which at least one end is secured to one of said 
first and second retary bodies and at least one of 
said engagement recess and said engagement pro- 30 
jection is formed by bending said leaf spring. 

10. The power transmission mechanism according to 
claim 9, wherein said elastic coefficient of said leaf 
spring is changed by changing the location of said 35 
abutting portion of said engagement recess and 
said engagement projection, wherein the location is 

a supporting point, when said angle of relative ro- 
tation of said first and second rotary bodies exceeds 
a predetennined value. 40 

11. The power transmission mechanism according to 
claim 10, wherein said location of said supporting 
point is changed as said leaf spring abuts against 
one of said first and second rotary bodies at a po- 45 
sition other than a secured portion of that rotary 
body. 



The power transmission mechanism according to 
claim 14, wherein said engagement projection has 
a corner portion facing said engagement recess. 



12. The power transmission mechanism according to 
any one of claims 9 to 1 1 , wherein rubber is located so 
between said leaf spring and one of said first and 
second rotary bodies which securely supports said 
leaf spring and said rubber is compressed and de- 
formed between said I af spring and said one of 
said first and second rotary bodies by elastic defor- 55 
mation of said leaf spring. 

13. The power transmission mechanism according to 
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